Polyphenols, especially anthocyanins, have been considered promising for the prevention of nonalcoholic fatty liver disease (NAFLD). This study investigated whether açai (Euterpe oleracea Mart.), a source of anthocyanins and recognized as one of the new "superfruits", could alleviate high-fat diet (HFD)-induced NAFLD in mice. In HFD mice, aqueous açai extract (AAE) administration (3 g/kg) for six weeks improved insulin resistance index and increased adiponectin mRNA expression in adipose tissue and serum levels. Furthermore, AAE decreased the total liver triacylglycerol content and attenuated HFD-induced hepatic steatosis. This reduced hepatic lipid content was associated with AAE-mediated up-regulation of genes involved in adiponectin signaling, including adiponectin receptor 2, PPAR-α, and its target gene, carnitine palmitoyltransferase. Thus, dietary açai can protect liver from steatosis through its enhancement of adiponectin levels, improvement of insulin sensitivity, and increase in PPAR-α-mediated fatty acid oxidation.
1.

Introduction
Nonalcoholic fatty liver disease (NAFLD) is a growing health problem and is currently the most common chronic liver disease. Accumulation of triacylglycerols (TG) in hepatocytes (steatosis) is the earliest and most prominent change in NAFLD. This increases the vulnerability of the liver to oxidative and inflammatory insults that can potentially contribute to progression to more advanced stages of hepatic damage, such as steatohepatitis, fibrosis, and cirrhosis (Browning & Horton, 2004; Neuschwander-Tetri & Caldwell, 2003; Wang, Wei, & Pagliassotti, 2006) .
Multiple metabolic pathways are involved in the development of hepatic steatosis, including enhanced non-esterified fatty acid release from white adipose tissue (WAT), increased de novo fatty acid synthesis, and decreased β-oxidation (Postic & Girard, 2008) . Hepatic lipid homeostasis is coordinated and controlled by key transcriptional regulators such as sterol regulatory element binding protein-1c (SREBP-1c) and peroxisome proliferator-activated receptor α (PPAR-α). SREBP-1c is a transcription factor that regulates fatty acid biosynthesis by increasing the transcription of key enzymes, including fatty acid synthase (FAS) and acetyl-CoA carboxylase (ACC). The expression of this transcription factor is constitutively elevated in insulin-resistant individuals. This increases lipogenesis, which leads to TG accumulation in the liver and to the development of hepatic steatosis (Shimomura, Bashmakov, & Horton, 1999) . PPAR-α is mainly expressed in the liver and is a ligandactivated transcription factor important in the regulation of several key enzymes involved in fatty acid oxidation (Stienstra, Duval, Muller, & Kersten, 2007) .
NAFLD is strongly associated with insulin resistance and is estimated to occur in 70-100% of obese individuals (Farrell & Larter, 2006) . For this reason, it can be considered to be the hepatic manifestation of metabolic syndrome (Marchesini et al., 2001; Ong & Younossi, 2007) . Bioactive proteins secreted from WAT, collectively known as adipokines, have been implicated in modulating insulin sensitivity. Adiponectin is an adipokine that acts as an insulin sensitizer, stimulating fatty acid oxidation in liver and muscle. Furthermore, adiponectin was also effective in ameliorating the hepatomegaly, steatosis, and alanine aminotransferase abnormalities associated with NAFLD in mice (Xu et al., 2003) . Thus, increased adiponectin levels are strongly correlated with the prevention of fatty liver disease.
Diet can either increase or decrease the risk for NAFLD and dietary therapies for the prevention of the earliest stage of this condition, liver steatosis, have therefore attracted considerable attention and has become an important area in nutrition and food research. This is attributed, in part, to the great diversity of bioactive non-nutrient compounds present in foods. Among these compounds, anthocyanins have been considered particularly promising for the prevention of NAFLD (Valenti et al., 2013) . The ability of anthocyanins to reduce the risk of chronic diseases has been linked to their antioxidant capacity; however, recent findings have suggested that anthocyanins may exert their beneficial effects by interacting with a wide range of molecular targets of intracellular signaling machinery (Dragano et al., 2013; Fernandes, Faria, Calhau, de Freitas, & Mateus, 2014) including key transcription factors that coordinate lipid metabolism, such as PPAR-α (Jia et al., 2013) and SREBP-1c (Hwang et al., 2011) . Although there are many reports about the health benefits of anthocyanin-rich extracts, studies to test whether physiologically relevant doses of anthocyanins could exert such effects are lacking.
Açai (Euterpe oleracea Mart.) is a fruit from the Amazon region that has gained international popularity due to its high content of polyphenols, predominantly anthocyanins, proanthocyanidins, and other flavonoids. Given its phytochemical composition and the beneficial effects associated with its consumption, this fruit has a potential role as a functional food (Marcason, 2009; . In this respect, its most significant properties include the improvement of the oxidant/antioxidant balance (Guerra, Magalhaes, Costa, Silva, & Pedrosa, 2011) and hypocholesterolemic (de Souza, Silva, Silva, Oliveira Rde, & Pedrosa, 2010) , anti-atherogenic, and anti-inflammatory effects (Xie et al., 2011) . A pilot study on overweight individuals demonstrated that ingestion of açai pulp for one month had beneficial effects on glucose homeostasis and serum markers of metabolic risk (Udani, Singh, Singh, & Barrett, 2011) . Additionally, rat dietary supplementation with 2% açai pulp produced a hypocholesterolemic effect mediated by the enhanced expression of the ATP-binding cassette, subfamily G transporters 5 and 8, and low-density lipoprotein receptor genes (de Souza et al., 2012) . Considering its phytochemical composition and potentially beneficial effects on metabolic disorders, we hypothesized that açai would ameliorate NAFLD and its complications in mice on a high-fat diet (HFD). Moreover, the present study aimed to investigate whether the use of physiologically relevant amounts of anthocyanins from açai, that closely mimic their intake in human diet, could exert biological effects as well as the relevant regulatory pathways underlying these effects.
Materials and methods
Açai preparation and nutrient composition
Pasteurized frozen açai pulp without colorants or preservatives was obtained from Icefruit Comércio de Alimentos Ltda. (Tatuí, São Paulo, Brazil) . This commercial pulp was obtained by macerating the açai pericarp and mixing it with water to obtain a solid content of 11-14% (medium grade). The pulp was stored at −20°C until use, at which time it was thawed and filtered through Whatman no. 1 filter paper (Maidstone, England). The resultant açai aqueous extract (AAE) was directly administered to animals by oral gavage. The moisture content of AAE was 98%; and each 100 g of dry weight had 2.9 g of total fat, 7.2 g of protein, 68.3 g of total carbohydrate, and 3.6 g of fiber, as determined according to the Normas Analíticas do Instituto Adolfo Lutz (2008).
Phytochemical composition and antioxidant activity of AAE
The Folin-Ciocalteu method was used to determine the total phenolic content as described by George, Brat, Alter, and Amiot (2005) . Gallic acid was used as a standard for the calibration curve. The total amount of phenolic compounds was expressed in milligrams of gallic acid equivalents (GAE) per 100 g of AAE.
Total flavonoid content of AAE was determined by using the aluminium chloride colorimetric method as described by Hossain and Rahman (2011) . Quercetin was used as a standard for the calibration curve.
Identification and quantification of anthocyanins cyanidin 3-O-glucoside and cyanidin 3-O-rutinoside from AAE were performed by HPLC-DAD (Shimadzu, SCL 10AT VP). Chromatographic conditions followed previously described methods (Gallori, Bilia, Bergonzi, Barbosa, & Vincieri, 2004; with adaptations. Separations were conducted using a Phenomenex Gemini RP-18 (5 µm; 250 mm × 4.6 mm) with a Phenomenex RP-18, 4 × 3 mm guard column. The mobile phase consisted of 89% ultrapure water acidified with formic acid to pH 2.0 and 11% acetonitrile (v/v) (line A) and 100% acetonitrile (line B) run at 1 mL·min The total anthocyanin content of AAE was determined by the differential pH method, as previously described by Guerra et al. (2011) , and was expressed in mg of cyanidin-3-glucoside equivalents per 100 g of AAE.
The antioxidant capacity was determined by the modified DPPH method (Brand-Williams, Cuvelier, & Berset, 1995) which is based on the quantification of free radical-scavenging. A methanol solution containing 0.06 mM DPPH was prepared. After adjusting the blank with methanol, an aliquot of 100 µL of AAE extract were added to 3.9 mL of this solution. The mixture was homogenized and kept in the dark for 30 min at room temperature. Antioxidant activity was determined by the reduction in absorbance of the DPPH radical at 515 nm. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was used as an antioxidant standard and the results were expressed as Trolox equivalent antioxidant capacity (µM TEAC/g). Initially, 32 mice were divided into two experimental groups; the C group were fed the AIN-93M standard diet (Reeves, Nielsen, & Fahey, 1993 ) and the HF group received an HFD (32% lard and 1% cholesterol). The compositions of these experimental diets are described in Table 1 . After six weeks, the groups were subdivided into groups C and CA (standard diet), and HF and HFA (HFD). The CA and HFA groups were treated with AAE, administered as a single daily dose (3 g/kg) via gavage during the light phase. The C and HF groups received an equal volume of distilled water. After 12 weeks of these treatments, the mice were fasted for 12 h, anesthetized with isoflurane, and euthanized by exsanguination. Blood was collected in polypropylene tubes and centrifuged at 3000 × g for 15 min. Serum was then removed and stored at −80°C. The liver and the epididymal, mesenteric, and retroperitoneal WAT were collected and weighed. The small hepatic lobe was stored in buffered formalin for histopathological analysis and the rest of the liver was submerged in liquid nitrogen and immediately stored at −80°C.
Animals and experimental design
Biochemical analysis
Serum concentrations of glucose and the activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined enzymatically using kits from Labtest (Lagoa Santa, MG, Brazil). Serum insulin and adiponectin levels were quantified using enzyme-linked immunosorbent assays (ELISA) obtained from Crystal Chem (Downers Grove, IL, USA), and Millipore (Billerica, MA, USA), respectively. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the final blood glucose and insulin determinations. This method is widely used to estimate insulin resistance in humans and animal models. The following formula was applied (Matthews et al., 1985) :
. .
Liver tissue analyses
Hepatic lipids were extracted from liver tissue using a chloroform/methanol solution (2:1, vol/vol), as described by Folch, Lees, and Sloane Stanley (1957) . Total hepatic lipids were obtained by solvent evaporation. The dried lipid residue was dissolved in 1 mL isopropanol, and TG was analyzed using a commercial kit from Labtest.
Histological analyses
The liver tissue samples were fixed in 10% buffered formalin and embedded in paraffin. Tissue sections (5 µm) were cut with a microtome (Leica, Germany) and mounted on microscope slides. The slides were then stained with hematoxylin and eosin (H&E) and photographed at 400 × magnification. A semiquantitative scoring system was used to assess the severity of hepatic steatosis in 10 microscopic fields examined as described previously (Albano et al., 2005) . In brief, steatosis was graded from 1-3 depending on the percentage of hepatocytes that contained fat; grade 1 was assigned if <33% of hepatocytes contained fat, grade 2 if 33-66% contained fat, and grade 3 if >66% contained fat.
Real-time quantitative reverse transcriptionpolymerase chain reaction (RT-PCR) assay
Total RNA was isolated from liver and epididymal WAT using the RNAgents Total RNA Isolation System (Promega Corporation, Madison, WI, USA) according to the manufacturer's instructions. cDNA was synthesized from 2 µg of total RNA with random primers using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) and following the manufacturer's recommendations. Real-time PCR was performed using the Power SYBR® Green PCR Master Mix reagent (Applied Biosystems).
The following primer sequences are used: 18S rRNA: 5′-GTAAGTGCGGGTCATAAG-3′(forward); 5′-CCATCCAATCG GTAGTAGC-3′ (reverse); ACC1: 5′-GCTAAACCAGCACTCCCGAT-3′(forward); 5′-GTATCTGAGCTGACGGAGGC-3′ (reverse); Adiponectin: 5′-CCCAGTCATGCCGAAGATGA-3′(forward); 5′-CACAAGTTCCCTTGGGTGGA-3′ (reverse); ADIPO-R2: 5′-GTGTGGAGGACCATCCCTTG-3′(forward); 5′-AGTGCGTGC TAACAACTCCA-3′ (reverse); FAS: 5′-GGAGGTGGTGATAGCC GGTAT-3′(forward); 5′-TGGGTAATCCATAGAGCCCAG-3′ (reverse); CPT1-α: 5′-CACCAACGGGCTCATCTTCT-3′(forward); 5′-AGGCACTCTCACAGAGGGAT-3′ (reverse); FAT/CD36: 5′-AATTAGTAGAACCGGGCCAC-3′(forward); 5′-CCAACTCCCA GGTACAATCA-3′ (reverse); PPAR-α: 5′-ACACCTTCCTCTT CCCAAAGC-3′(forward); 5′-TGATGACCTGTACGAGCTGC-3′ (reverse); SRBP1-c: 5′-GCGGTTGGCACAGAGCTT-3′(forward); 5′-GGACTTGCTCCTGCCATCAG-3′ (reverse); UCP-2: 5′-CCAAC AGCCACTGTGAAGTT-3′(forward); 5′-GCACTAGCCCTTGACTC TCC-3′ (reverse). The reactions were performed under the following conditions: 50°C for 2 min, 95°C for 10 min, and then 40 cycles of 95°C for 15 s (denaturation) and 60°C for 1 min (primer annealing and product extension). The specificity of the products obtained was confirmed by analysis of the amplified product dissociation curves. The data obtained were analyzed using the comparative Cq method. Target gene expression was determined relative to the expression of the endogenous 18S ribosomal RNA gene. All analyses were performed in triplicate.
Statistical analysis
The normality of the data was tested using the KolmogorovSmirnov test. The data were analyzed by one-way analysis of variance (ANOVA) followed by the Bonferroni post hoc test or the Kruskal-Wallis test and the Dunn post-test (for parametric and non-parametric data, respectively). Data were expressed as mean ± standard error of the mean (SEM) or as medians and interquartile ranges. Pearson correlation analysis was used to measure the degree to which two variables were related. Statistical significance was considered at p < 0.05. All analyses were conducted using the GraphPad Prism version 5.00 software for Windows (San Diego, CA, USA).
Results
Analysis of açai aqueous extract
The total phenolic and flanonoid content of AAE was 118.13 mg GAE/100 g and 9.23 mg/100 g respectively. Antioxidant capacity of AAE, as determined spectrophotometrically through DPPH method, was 6.42 µM TEAC/g. The results are presented in the Table 2 . Del Pozo-Insfran, Brenes, and Talcott (2004) concluded that anthocyanins were the predominant contributing factor to the antioxidant capacity of açai, which was found to be higher than several berries. The chromatogram obtained by HPLC of the AAE and anthocyanin standard mixture is presented in Fig. 1 . After identifying cyanidin 3-O-rutinoside and cyanidin 3-Oglucoside, the major anthocyanins in açai by HPLC, we quantified the content of total monomeric anthocyanins by the pH-differential method. The AAE showed total anthocyanin content of 6.45 mg/100g as shown in Table 2 .
Effects of AAE on body mass and food intake
At the end of the experiment, HF and HFA mice exhibited an increase in body weight as shown in Table 3 , despite a reduction in food intake. Treatment with AAE for six weeks did not alter the body weight gain or food intake of the HFA group, as compared with the HF animals.
To examine WAT mass, we measured the epididymal, mesenteric, and retroperitoneal fat pad weight. HF mice had a higher fat deposition (mesenteric and retroperitoneal) than C mice, whereas HFA mice showed a partial reduction in these fat deposits. There were no differences in epididymal fat pad weight between the experimental groups.
Effects of AAE on adiponectin production and insulin sensitivity
To examine whether dietary açai modulated adiponectin production, we measured adiponectin mRNA expression in WAT and serum levels. Compared with the C group, the HF group had lower levels of adiponectin mRNA in WAT and less adiponectin in serum. Administration of AAE significantly upregulated adiponectin gene expression and increased serum levels of this adipokine (Fig. 2) . Glucose and insulin levels were markedly increased in the HF group (Table 4) . Furthermore, insulin resistance (assessed using the HOMA-IR index) was approximately three-fold higher in the HF group than in the C group. Although AAE treatment did not influence glucose levels, serum insulin levels were partially reduced, with HOMA-IR scores of 8.3 in the HF group and 5.3 in the HFA group. This indicated that AAE improved insulin sensitivity in mice on HFD.
Effects of AAE on hepatic steatosis and liver injury
Mice fed with HFD exhibited hepatomegaly and increased ALT activity, indicating impaired hepatic function (Table 4) . Furthermore, the HF group also exhibited an intense accumulation of TG in the liver (Fig. 3F) . AAE administration significantly improved these parameters; the HFA group exhibited reduced liver weight, lower ALT activity, and a 44% decrease in hepatic TG content. AST activity was similar between the experimental groups.
The histological analyses showed a remarkable increase in lipid deposition in the livers of the HF mice (Fig. 3C) , characteristic of accentuated micro-and macro-vesicular steatosis, accompanied by an inflammatory cell infiltration. A statistically significant increase in the steatosis score was seen in livers from the HF group, as compared to the C group (Fig. 3E) . As shown in Fig. 3D , AAE treatment attenuated hepatic steatosis, as evidenced by a marked decrease in lipid droplets, and it also reduced inflammatory cell infiltration. Furthermore, the hepatic steatosis score was lower in the HFA group than in the HF group. These histological data were consistent with the reduced hepatic TG content and ALT serum levels in the HFA group, indicating that AAE improved hepatic morphology and function. Additionally, negative correlations were found between serum adiponectin and the HOMA-IR index (r = −0.65, p < 0.0001), and between serum adiponectin and the liver TG content (r = −0.66, p < 0.0001) (Fig. 2) . 
3.5.
Effects of AAE on the expression of genes related to fatty acid biosynthesis and oxidation in the liver
We next investigated whether AAE administration modulated the expression of adiponectin signaling-related genes involved in lipogenesis and fatty acid oxidation. In HF animals, SREBP-1c expression increased by approximately two-fold, as compared with the C animals, and the levels of FAS and ACC1 mRNA also increased. In contrast, the levels of SREBP-1c and FAS mRNA in the HFA group did not differ significantly from those in the C group, and ACC1 mRNA expression was significantly reduced in the HFA group, in comparison with the HF group (Fig. 4A) .
As shown in Fig. 3B , the hepatic expression of adiponectin receptor (AdipoR2) mRNA increased more than two-fold in the HFA group. We also found that the expression levels of PPAR-α and its target gene, carnitine palmitoyltransferase (CPT-1α), were higher in this group than in the HF group.
We also determined the mRNA expression of fatty acid translocase (FAT), which is involved in fatty acid uptake, and uncoupling protein 2 (UCP-2), which is predominantly expressed in the liver, because both of these proteins can be involved in hepatic lipid accumulation (Lin et al., 2000; Miquilena-Colina et al., 2011) . There was no difference in the expression of these genes between the experimental groups ( Fig. 4A and B) .
Discussion
The present study highlights the potential benefits of açai, a source of dietary anthocyanins on alleviating hepatic steatosis in mice. Administration of AAE was associated with increased circulating adiponectin levels, which has a causal role in improving insulin sensitivity, up-regulation of key transcriptional regulators involved in fatty-acid oxidation, and a decline in liver triglyceride accumulation. The açai dose used in this study was selected on the basis of an average daily intake of approximately 200 g by a 70 kg individual, corresponding to approximately 3 g/kg body weight. This dose had already been shown to have beneficial effects on insulin resistance in overweight individuals (Udani et al., 2011) and had been used in experimental models (Ribeiro et al., 2010) . Anthocyanins are the predominant phytochemicals present in açai pulp. Previous studies have found cyanidin 3-rutinoside as the major anthocyanin in açai, followed by cyanidin 3-glucoside (Lichtenthaler et al., 2005; Vera de Rosso et al., 2008) . In our study, the aqueous extract of açai was obtained from a commercial pulp, which typically has lower levels of anthocyanins than fresh fruit. However, açai fruit is highly perishable, thus, is predominantly consumed and marketed as frozen pulps, and other industrial products, which go through several processing steps such as pasteurization, freezing and dilution (Pacheco-Palencia, Hawken, & Talcott, 2007) .
Many studies have reported on the actions of anthocyanin on metabolism, especially on the regulation of lipid metabolism and inflammation, however, in most cases, the doses used are impractical to be obtained only through a normal diet. Therefore, we conduct investigations using similar doses to the estimated physiological levels of consumption. Although estimated human dietary intake of flavonoid varies widely among studies (Chun, Chung, & Song, 2007) , the overall daily intake of total anthocyanins was estimated as 12.5 mg/ person , which corresponds to approximately 0.2 mg/kg body weight in adults. In this study, considering the amount of anthocyanins present in AAE, the average intake was also approximately 0.2 mg/kg body weight in AAE treated mice. Thus, anthocyanin concentrations used can be considered a dose, which can be easily consumed with the diet.
In our model, the HFD promoted increased weight gain, adiposity, insulin resistance, and hepatic steatosis, as well as alterations in adiponectin production. It is well established that this type of diet can lead to such alterations in experimental models and in humans (Feskens et al., 1995; Peng, Rideout, Rakita, Lee, & Murr, 2012) . Insulin resistance induced by HFD is related to adiponectin depletion. Adiponectin is an adipocytederived hormone with well-established anti-inflammatory and insulin-sensitizing properties. The mRNA expression and serum level of adiponectin are significantly reduced in obese/diabetic mice and humans, and this change precedes the associated decrease in insulin sensitivity (Hu, Liang, & Spiegelman, 1996; Stefan et al., 2002) . Furthermore, physiological doses of adiponectin improved insulin resistance in mouse models of obesity and type 2 diabetes (Yamauchi et al., 2001 ). The present study demonstrated that AAE attenuated insulin resistance and alleviated the HFD-induced reduction in adiponectin expression in fat tissue and adiponectin levels in serum. These effects occurred independently of the size of the animal's body fat stores, because only a subtle modification of body composition was observed. The HOMA-IR showed a negative correlation with the concentration of circulating adiponectin. Taken together, these data suggested that the AAE-related improvement in insulin sensitivity açai was mediated by adiponectin. Previous data showed that C3G stimulates the expression and secretion of adiponectin in adipocytes of mice and humans and increases adiponectin expression and insulin sensitivity in both diet-induced and genetic animal models of type 2 diabetes. In a clinical study, the daily intake of 320 mg of purified anthocyanins, increased levels of serum adiponectin in diabetic individuals. The probable mechanism by which C3G increases adiponectin expression involves changes in the acetylation of transcription factor forkhead box O1 (Foxo1), which regulates adiponectin transcription (Guo et al., 2012; Liu, Li, Zhang, Sun, & Xia, 2014) .
We demonstrated that AAE treatment efficiently attenuated HFD-induced hepatic steatosis, as evidenced by the reduction in TG content and by histological analyses. This effect contributed to reduced liver weight and serum ALT levels in treated mice. The increased circulating adiponectin levels in açai the HFA mice could also provide an explanation for the reduced hepatic TG content, given that hypoadiponectinemia is often associated with higher grades of hepatic steatosis and has been considered a typical feature of NAFLD (Hui et al., 2004) . Indeed, adiponectin knockout mice exhibited permanent hepatic steatosis (Zhou et al., 2008) . Our data are consistent with these observations, since hepatic TG content and adiponectin serum levels were found to be inversely correlated.
The mechanisms by which adiponectin has been shown to reduce hepatic lipid accumulation include sensitization of hepatic adiponectin receptor (AdipoR2), which activates the nuclear receptor PPAR-α, a ligand-activated transcription factor that is considered to be one of the main regulators of fatty acid oxidation (Yamauchi et al., 2003) . PPAR-α activation upregulates CPT-1α, stimulates β-oxidation, reduces lipid biosynthesis, and therefore prevents excessive TG accumulation (Yamauchi & Kadowaki, 2008) . Açai treatment increased the expression of AdipoR2, PPAR-α, and CPT-1α, suggesting a possible increase in fatty acid oxidation through adiponectininduced PPAR-α up-regulation.
Moreover, it has been reported that isolated anthocyanins and anthocyanin-rich extracts enhances both mRNA levels (Seymour et al., 2008) and the activity of PPAR-α in the liver. Cyanidin induces transactivation activity of PPAR-α in a reporter gene assay and also bound directly to PPAR-α (Jia et al., 2013) . Thus, anthocyanins likely act as a PPAR-α agonist.
In addition, AAE inhibited hepatic lipogenesis pathways, given that it produced a small but significant reduction in the expression of SREBP-1c and FAS, and down-regulated ACC1 mRNA levels. These findings are consistent with previous reports showing beneficial effects of dietary anthocyanins and other polyphenols, particularly in the reduction of steatosis and liver damage through inhibition of lipogenesis and promoting lipolysis. (Shi et al., 2014; Valenti et al., 2013; Wu et al., 2013) . Owing to these effects, anthocyanin has been explored as a potential nutritional therapy for a large number of diseases (Xia & Weng, 2010) . Although our findings reflect those obtained with isolated anthocyanin, suggesting that the smaller dose of anthocyanins in AAE retained biological effects and may be the active constituent toward these metabolic effects, we cannot exclude the benefits of other phytochemicals in AAE, such as pro-anthocyanidins, catechins, epicatechins, orientin, luteolin, lignans, phenolic acids such as gallic acid and ferulic acid, and resveratrol is also present at low concentrations (Pacheco-Palencia, Duncan, & Talcott, 2009; Schauss, Wu, Prior, Ou, Patel et al., 2006) . AAE may therefore produce more pronounced effects than each isolated compound, as crude extracts can exert additive or synergistic effects due to the presence of several phytochemicals (Liu, 2004) .
In conclusion, the present study demonstrated that açai, has a protective effect against NAFLD and provided new perspectives in the understanding of the possible mechanisms involved. Our data supported the idea that increases in adiponectin expression and circulating levels likely represents a major mechanism whereby açai administration alleviated HFD-induced NAFLD in mice by improving insulin sensitivity and modulating pathways related to hepatic lipid metabolism. These findings indicate that intake of anthocyanins from dietary sources at physiological doses may have important implications for preventing metabolic disorders.
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